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RADIO BASE STATION APPARATUS AND BASE STATION CONTROLLER 

CROSS REFERENCE TO RELA TED APPUCA TION 
This application is based upon and claims the benefit of priority from Japanese 
5 Patent Application No. 2003-082830, filed on March 25, 2003, the entire contents of which 
are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
I. Field of the Invention 

1 0 The present invention relates to a radio base station apparatus that forms a wireless 

zone in a mobile communication system in which a terminal or a call occurring at a terminal is 
given different IP addresses for wireless zones. It also relates a base station controller that 
performs a channel control over a terminal visiting a wireless zone. 

1 5 2. inscription of the Related Art 

In recent years, data terminals and communication terminals accessible to the 
Internet have spread rapidly. For radio transmission channels in next-generation mobile 
communication systems, use of the IP (Internet protocol) has been studied, because of its 
high compatibility with the Internet, for replacement the multiple access schemes which 
20 comply with the circuit switching system. Also, radio transmission channels and line 
transmission sections have become seamless step by step. 

Fig. 6 shows the configuration of an exemplary mobile communication system in 
which different IP addresses are assigned for respective wireless zones. 

As shown in Fig. 6, radio base stations 70-1 and 70-2 form overlapping wireless 
25 zones 81-1 and 81-2, respectively. A terminal 82 locates in one of the wireless zones 81-1 
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and 81-2, for example, in the wireless zone 81-1. The radio base stations 70-1 and 70-2 
are connected to a base station controlling station 84 via communication links 83-1 and 83-2, 
respectively. 

The radio base station 70-1 has the following components: 
5 - Antenna 71-1 

- Antenna duplexer 72- 1 that is connected to the feeding point of the antenna 71-1. 

- Receiving part 73-1 that is connected to the reception output of the antenna 
duplexer 72-1 . 

- Router 74-1 that is connected to the one end of an inter-office link provided 
10 between the radio base station 70-1 and an exchange (not shown), and to whose incoming 

route the output of the receiving part 73-1 is connected. 

- Transmitting part 77-1 that is connected in series to the outgoing route of the 
router 74-1 and whose output is connected to the transmission input of the antenna 
duplexer 72-1 . 

1 5 - Controlling part 76-1 having input/output ports that are connected to the control 

terminals of the receiving part 73-1, the router 74-1, and the transmitting part 77-1, 
respectively, and a communication port that is connected to the one end of the 
above-mentioned communication link 83-1. 

The radio base station 70-2 has the same configuration as the radio base station 
20 70-1. Therefore, the components of the radio base station 70-2 will be given the same 
reference symbols as those of the radio base station 70-1 except that the former will have a 
suffix "2" instead of a suffix "1 ," and will not be described or shown in the drawings. 

In the mobile communication system having the above configuration, the radio base 
stations 70-1 and 70-2 form wireless zones 81-1 and 81-2 that comply with a 

2 5 predetermined multiple access scheme and channel allocation, by cooperating with, via the 
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respective communication links 83-1 and 83-2, the base station controlling station 84 
performing a channel control and call setting in cooperation with the above-mentioned 
exchange. 

Recognizing that a call that occurred at the terminal 82 has become a complete call 
5 during the course of such a channel control, the radio base station 70-1 assigns the terminal 
82 a unique IP address (for the sake of simplicity, it is assumed here to be "192.168.0.2" and 
will be referred to as "first IP address") that is not assigned to any other terminals or calls. 

When the terminal 82 has moved to the overlap region of the wireless zones 81-1 
and 81-2 before the complete call disappears, it issues a handover request to the radio base 
10 station 70-1 according to a prescribed channel control procedure (indicated by symbol (a) in 
Fig. 7). 

The radio base station 70-1 receives the handover request at the antenna 71 -1 , the 
antenna duplexer 72-1, and the receiving part 73-1 and the controlling part 76-1 thereof 
forwards it to the base station controlling station 84 via the communication link 83-1 
1 5 (indicated by symbol (b) in Fig. 7). 

The base station controlling station 84 performs the following processing in 
response to the handover request: 

- Determines a wireless zone (hereinafter referred to as "transition destination 
wireless zone"; for the sake of simplicity, it is assumed to be the wireless zone 8 1 -2) to which 

20 the terminal 82 should make a transition. 

- Determines a radio channel (hereinafter referred to as "transition destination radio 
channel") that can be assigned by the radio base station 70-2 which forms the wireless zone 
81-2 and that is not assigned to any terminal or call. 

- Sends, to the radio base station 70-2, via the communication link 83-2, a 
25 transmission start request for starting a transmission on the transition destination radio 
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channel (indicated by symbol (c) in Fig. 7). 

- Sends, to the radio base station 70-1 , via the communication link 83-1 , a handover 
request confirmation that the terminal 82 should make a transition to the above transition 
destination radio channel (indicated by symbol (d) in Fig. 7). 

5 During the above processing, the base station controlling station 84 may cooperate 

with the radio base station 70-2 in any form. 

In the radio base station 70-1 , when recognizing the handover request confirmation, 
the controlling part 76-1 sends the handover request confirmation to the terminal 82 via the 
transmitting part 77-1, the antenna duplexer 72-1, and the antenna 71-1 (indicated by 
10 symbol (e) in Fig. 7). 

When recognizing the handover request confirmation, the terminal 82 performs the 
following processing: 

- Performs a series of operations (hereinafter referred to simply as "radio channel 
establishment") including synchronization establishment in the transition destination radio 

1 5 channel and a continuity check by cooperating, when necessary, with the radio base station 
70-2 that forms the transition destination wireless zone (indicated by symbol (f) in Fig. 7). 

- When the radio channel establishment has completed normally, sends to the radio 
base station 70-2 a message called "binding update" which is an assignment request for a 
second IP address that complies with the transition destination wireless zone and is to replace 

20 the above-mentioned first IP address (indicated by symbol (g) in Fig. 7). 

The radio base station 70-2 sends the binding update message to the base station 
controlling station 84 via the communication link 83-2. 

Recognizing the binding update message, the base station controlling station 84 

performs the following processing: 

25 - Secures an IP address (for the sake of simplicity, it is assumed here to be 
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"192.168.1.2") as a second IP address by itself or in cooperation with the radio base station 
70-2. The IP address is in such a value range that the radio base station 70-2 is allottable 
and is not assigned to any terminal or call (indicated by symbol (i) in Fig. 7). In the following 
description, for the sake of simplicity, it is assumed that the host address portions of the first 
5 IP address and the second IP address are defined under different subnet masks 
corresponding to the respective radio base stations 70-1 and 70-2 (wireless zones 81-1 and 
81-2) so as to secure compatibility with the known mobile-IP that does not conform to the 
mobile communication and the radio transmission sufficiently. 

- Allows a relationship between the terminal 82 (or the transition destination channel 
1 0 assigned to the terminal 82) and the second IP address to be reflected in routing information 

held in the router 74-2 (indicated by symbol (j) in Fig. 7). 

- Sends a message "binding update confirmation" containing the second IP address 
to the terminal 82 via the communication link 83-2 and the radio base station 70-2 (indicated 
by symbol (k) in Fig. 7). 

1 5 The terminal 82 completes the handover by using, as one of the following, the 

second IP address contained in the binding update confirmation as an IP address that has 
been assigned in place of the first IP address (indicated by symbol (m) in Fig. 7): 

- Transmission source address that should be placed in the header of each packet 
that is sent from the terminal 82 itself. 

20 - Address that should be placed in the header of each of packets to be directed to the 

terminal 82 itself among packets received from the radio base station 70-2 via the transition 
destination radio channel. 

With the above processing, it is able to achieve a handover between the overlapping 
wireless zones 81-1 and 81-2 formed by the respective radio base stations 70-1 and 70-2 
25 with high reliability, as long as the routers 74-1 and 74-2 of the radio base stations 70-1 and 
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70-2 are given proper pieces of routing information, and first and second IP addresses 
comply with those pieces of routing information. 

The following documents disclose prior art techniques relating to the invention: 

- JP-A-200 1-45 534 (claims 4, 6, 8, and 9, paragraphs 0013, 0015, 0018, 0023, 
5 0034, 0035, 0040-0042, 0044-0046, 0050, 0056-0058, 0060, 0063-0065, and 0067) 

-JP-A-2001 -189954 (abstract, paragraph 0031) 
-JP-A-1 0-1 17167 (abstract, claim 1) 
-JP-A-1 1-122672 (claims 1-16) 
-JP-A-1 0-1 90633 (claim 1, paragraph 0001) 
10 - JP-T- 10-509287 (abstract; the term "JP-T as used herein means a published 

Japanese translation of a PCT patent application) 

- JP-A-2000-286898 (abstract, claim 1, paragraphs 0003 and 0016) 
Incidentally, in the above prior art examples, a handover is attained by executing the 

second processing (indicated by symbols (g)-(m) in Fig. 7) for assignment of a second IP 
1 5 address that is to replace a first IP address after completion of the first processing (indicated 
by symbols (a)-(f) in Fig. 7) for realizing update of a physical radio channel. 

That is, during such a handover process, every time the terminal 82 moves to a new 
wireless zone, it is given a new IP address as appropriate in accordance with a new radio 
channel that is physically different from an old one. 
20 Therefore, the prior art examples enable transmission services of a variety of 

transmission information by using the IP; however, they cannot realize a diversity handover in 
accordance with substantially varying distances between the relative positions of the terminal 
82 and the radio base stations 70-1 and 70-2 and according to the transmitting power 
control to solve the near-far problem of the CDMA scheme. Also, they cannot take 
25 advantage of merits of the CDMA scheme to maintain high, stable transmission quality of a 
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radio transmission channel. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a radio base station apparatus and a 
5 base station controller that realize a stable and reliable diversity handover without altering 
the basic configuration thereof to a large extent. 

Another object of the invention is to keep high transmission quality and service 
quality at low cost irrespective of what configuration a mobile communication system has and 
of what form and information a unit of transmission including transmission information and 
1 0 transmitted via a radio transmission channel has. 

Another object of the invention is to attain a diversity handover for an upstream radio 
transmission channel formed between the radio base station apparatus and a terminal or 
between the base station controller and the terminal. 

Still another object of the invention is to attain a diversity handover for a downstream 
1 5 radio transmission channel formed between the radio base station apparatus and a terminal 
or between the base station controller and the terminal. 

Yet another object of the invention is to allow the radio base station apparatus and 
the base station controller to be adaptable to various configurations of mobile 
communication systems, and to optimize the form of a diversity handover. 
20 A further object of the invention is to allow the radio base station apparatus and the 

base station controller to be adaptable to an increase or a decrease in the number of wireless 
zones used for diversity handover, which changes due to movement of a terminal, as well as 
to reduce the number of links used for signal transfer between radio base stations. 

The above objects are attained by a radio base station apparatus which delivers to a 
25 network a composite wave of a signal arriving from a terminal via a radio channel and signals 
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arriving from a terminal in parallel at radio base stations forming adjacent wireless zones and 
forwarded therefrom, when a local station is a particular radio base station that is to maintain, 
during a process of a diversity handover, a radio channel between the radio base station 
apparatus and the terminal performing the diversity handover. 
5 The radio base station apparatus according to the present invention combines 

signals that arrive thereat and at the above- described radio base stations forming adjacent 
wireless zones in parallel from the terminal via the radio channel and delivers the combined 
signals to the network in the baseband, intermediate frequency band, or radio frequency 
band. 

10 The above objects are attained by a radio base station apparatus which forwards a 

signal arriving from a terminal in a wireless zone formed by the local station to a particular 
one of radio base stations that form wireless zones adjacent to the wireless zone formed by 
the local station, when the local station is not the above-mentioned particular radio base 
station. The radio base station apparatus according to the invention combines a signal 

1 5 arriving thereat from the terminal via a radio channel and signals arriving in parallel directly at 
the particular radio base station from the terminal, and delivers the combined signals to a 
network in the baseband, intermediate frequency band, or radio frequency band. 

The above objects are attained by a radio base station apparatus which forwards a 
signal delivered via a physical layer of a network to radio base stations that form adjacent 

20 wireless zones when the local station is the above-mentioned particular radio base station. 
The radio base station apparatus delivers the signal, which have been delivered from the 
network in the physical layer and is to be transmitted to the terminal from the local station 
(i.e., transmitting section), to the radio base stations in the baseband, intermediate frequency 
band, or radio frequency band. 

25 The above objects are attained by a radio base station apparatus which transmits a 



signal forwarded from the above-mentioned particular radio base station, to a terminal via a 
wireless zone formed by the local station, when the local station is not the particular radio 
base station. This radio base station apparatus transmits, to the radio channel assigned to 
the terminal, signals delivered from the radio base stations forming the adjacent wireless 
5 zones in the baseband, intermediate frequency band, or radio frequency band. 

The above objects are attained by a radio base station apparatus which secures, 
when appropriate, a link to be used for transfer of the signals from the radio base stations 
that form the adjacent wireless zones to the local station. This radio base station apparatus 
combines a signal with a signal arriving thereat from the terminal and delivers them to the 

1 0 network via the link secured by the inter-office link securing section. 

The above objects are attained by a radio base station apparatus which secures, 
when appropriate, a link to be used for transfer of the signal to the particular radio base 
station. This radio base station apparatus delivers to another radio base station a signal 
arriving thereat from the terminal via the link secured by the inter-office link securing section. 

1 5 The above objects are attained by a radio base station apparatus which secures, 

when appropriate, a link to be used for transfer of the signal to the radio base stations that 
form the adjacent wireless zones. This radio base station apparatus delivers a signal 
delivered from the network in the physical layer of the network, to another radio base station 
via the link secured by the inter-office link securing section. 

20 The above objects are attained by a radio base station apparatus which secures, 

when appropriate, a link to be used for transfer of the signal from the particular radio station 
to the local station. In this radio base station apparatus, a transmitting section transmits a 
signal delivered from another radio base station, to the terminal via the link secured by the 
inter-office link securing section. 

25 The above objects are attained by a base station controller which determines a 
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particular ratio base station according to a channel control procedure when appropriate. 
This base station controller determines the particular radio base station according to all or 
part of the configurations of the wireless zones, the channel allocation, and the frequency 
allocation. And, the particular radio base station is not limited to a radio base station that 
5 forms a wireless zone where the terminal for which a diversity handover is performed locates 
when a complete call has occurred at the terminal or when the diversity handover is started. 

The above objects are attained by a base station controlling station which changes 
the particular radio base station when appropriate during the course of a channel control. In 
such a base station controller, it is not always the case that the same radio base station 
10 continues to be the particular radio base station until a complete call occurring at a terminal 
for which a diversity handover is performed disappears. It is possible to change when 
appropriate the particular radio base station to a radio base station that forms a wireless zone 
where the diversity handover is performed in a suitable form for all or part of the 
configurations of the wireless zones, the channel allocation, and the frequency allocation. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
The nature, principle, and utility of the invention will become more apparent from 
the following detailed description when read in conjunction with the accompanying drawings 
in which like parts are designated by identical reference numbers, in which: 
20 Fig. 1 is a first principle block diagram of radio base station apparatus according to 

the present invention; 

Fig. 2 is a second principle block diagram of radio base station apparatus according 
to the invention; 

Fig. 3 is a principle block diagram of base station controllers according to the 
25 invention; 
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Fig. 4 shows first and second embodiments of the invention; 

Fig. 5 illustrates the operations of the first and second embodiments of the 
invention; 

Fig. 6 shows the configuration of an exemplary mobile communication system in 
5 which different IP addresses are assigned for respective wireless zones; and 
Fig. 7 shows a conventional handover process. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
First, the principles of the present invention will be described. 
1 0 Fig. 1 is a first principle block diagram of radio base station apparatus according to 

the invention. 

Each of the radio base station apparatus of Fig. 1 is provided with (part of) a receiving 
section 1 1, an identifying section 12, a network interface section 14 or 14A, an inter-office 
interface section 16 or 16A, and an inter-office link securing section 31. 

15 In a first radio base station apparatus according to the invention, the receiving 

section 1 1 receives a signal from a terminal 1 0 via a radio channel assigned to the terminal 1 0. 
The identifying section 12 identifies a particular radio base station that is to maintain the 
radio channel between the radio base station apparatus and the terminal 10 during a process 
of a diversity handover for the terminal 10. The network interface section 14 delivers the 

20 signal to a network 13 if the local station is not the particular radio base station. The 
inter-office interface section 16 delivers to the network 1 3 composite waves of the signal and 
signals that have arrived at radio base stations 1 5-1 to 1 5-N forming wireless zones adjacent 
to a wireless zone formed by the local station from the terminal 10 via the radio channel and 
that are forwarded therefrom, if the local station is the particular radio base station. 

25 With this configuration, signals arriving in parallel at the radio base station apparatus 
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according to the invention and the radio base stations 15-1 to 1 5-N from the terminal 10 via 
the radio channel are combined with each other and delivered to the network 13 in the 
baseband, intermediate frequency band, or radio frequency band. 

Therefore, it is possible to realize a diversity handover for an upstream radio 
5 transmission channel formed between the local station and the terminal 1 0 as long as signals 
arriving at radio base stations 1 5-1 to 1 5-N that form the adjacent wireless zones from the 
terminal 10 are forwarded in the above-described manner. 

In a second radio base station apparatus according to the invention, the receiving 
section 1 1 receives a signal from a terminal 1 0 via a radio channel assigned to the terminal 1 0. 
10 The identifying section 12 identifies a particular radio base station that is to maintain the 
radio channel between the radio base station apparatus and the terminal 10 during a process 
of a diversity handover for the terminal 10. The network interface section 14A delivers the 
signal to a network 13 if the local station is not the particular radio base station. The 
inter-office interface section 16A forwards the signal to the particular radio base station 
1 5 among radio base stations 15-1 to 1 5-N that form wireless zones adjacent to a wireless zone 
formed by the local station if the local station is not the particular radio base station. 

With this configuration, a signal arriving at the radio base station apparatus 
according to the invention from the terminal 10 via the radio channel is delivered to the 
particular radio base station in the baseband, intermediate frequency band, or radio 
20 frequency band, as a signal that is to be combined with a signal arriving directly at the 
particular radio base station from the terminal 10 in parallel with the above signal and be 
forwarded to the network 13. 

This makes it possible to realize a diversity handover for an upstream radio 
transmission channel formed between the local station and the terminal 10 as long as the 
25 signal combining and signal delivery to the network 13 are performed in the particular radio 
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station. 

Fig. 2 is a second principle block diagram of radio base station apparatus according 
to the invention. 

Each of the radio base station apparatus of Fig. 2 is provided with (part of) a network 
5 interface section 22, an identifying section 24 or 24A, a transmitting section 25 or 25A, an 
inter-office interface section 27 or 27A, and an inter-office link securing section 31 A. 

In a third radio base station apparatus according to the invention, the network 
interface section 22 captures a signal that is delivered from a network 21 in a physical layer of 
the network 2 1 . The identifying section 24 identifies a particular radio base station that is to 
1 0 maintain a radio channel assigned to a terminal 23 as a receiving end of the signal during a 
process of a diversity handover for the terminal 23. The transmitting section 25 transmits 
the signal to the terminal 23 via the radio channel. The inter-office interface section 27 
forwards the signal to radio base stations 26-1 to 26-N that form wireless zones adjacent to 
a wireless zone formed by the local station if the local station is the particular radio base 
1 5 station. 

With this configuration, the signal having been delivered from the network 21 in the 
physical layer and is to be transmitted to the terminal 23 from the local station (i.e., 
transmitting section 25) is forwarded to the radio base stations 26-1 to 26-N that form the 
adjacent wireless zones in the baseband, intermediate frequency band, or radio frequency 

20 band. Therefore, it is possible realize a diversity handover for a downstream radio 
transmission channel formed between the local station and the terminal 23 as long as the 
radio base stations 26-1 to 26-N transmit the above signal to the terminal 23, and the signal 
is diversity-received at the terminal 23. 

In a fourth radio base station apparatus according to the invention, the inter-office 

25 interface section 27A captures a signal whose destination is a terminal 23 and that have been 



forwarded from radio base stations 26-1 to 26-N that form wireless zones adjacent to a 
wireless zone formed by the local station. The identifying section 24A identifies a particular 
radio base station that is to maintain a radio channel assigned to the terminal 23 as a 
reception end of the signal during a process of a diversity handover for the terminal 23. The 
5 transmitting section 25A transmits the signal to the terminal 23 via the radio channel if the 
local station is not the particular radio base station. 

With this configuration, signals delivered from the radio base stations 26-1 to 26-N 
that form the adjacent wireless zones in the baseband, intermediate frequency band, or radio 
frequency band are transmitted to the radio channel assigned to the terminal 23. 

10 This makes it possible to realize a diversity handover for a downstream radio 

transmission channel formed between the local station and the terminal 23 as long as signals 
that arrive at the terminal 23 in parallel from the radio base station apparatus according to 
the invention and the radio base stations 26-1 to 26-N that form the adjacent wireless zones 
are diversity-received at the terminal 23. 

15 In a fifth radio base station apparatus according to the invention, the inter-office link 

securing section 31 secures links to be used for transfer of signals between the local station 
and the radio base stations 15-1 to 1 5-N according to a procedure of a channel control for 
assigning the radio channel to the terminal 10 or through cooperation with the base station 
controller 30 performing the channel control. The inter-office interface section 16 

20 combines the signals with signals that are forwarded via the links secured by the inter-office 
link securing section 31. 

With this configuration, signals are delivered via the links secured by the inter-office 
link securing section 31 to be combined with a signal arriving at the radio base station 
apparatus according to the invention from the terminal 10 and delivered to the network 13. 

25 This allows the radio base station apparatus to be adaptable to an increase or a 

14 



decrease in the number of wireless zones used for a diversity handover for the terminal 10, 
which changes due to movement of the terminal 1 0, as well as to reduce the number of links 
used for delivering the signals. 

In a sixth radio base station apparatus according to the invention, the inter-office 
5 link securing section 31 secures links to be used for transfer of the signal between the local 
station and the radio base stations 15-1 to 15-N according to a procedure of a channel 
control for assigning the radio channel to the terminal 10 or through cooperation with the 
base station controller 30 performing the channel control. The inter-office interface section 
16A forwards the signal to the particular radio base station via the link secured by the 
1 0 inter-office link securing section 3 1 . 

With this configuration, signals having arrived at the radio base station apparatus 
according to the invention from the terminal 10 are delivered to other radio base stations via 
the links secured by the inter-office link securing section 31. 

This allows the radio base station apparatus to be adaptable to an increase or a 
1 5 decrease in the number of wireless zones used for a diversity handover for the terminal 10, 
which changes due to movement of the terminal 1 0, as well as to reduce the number of links 
used for delivering the signals. 

In a seventh radio base station apparatus according to the invention, the inter-office 
link securing section 3 1 A secures links to be used for transfer of the signal between the local 
20 station and the radio base stations 26-1 to 26-N according to a procedure of a channel 
control for assigning the radio channel to the terminal 23 or through cooperation with the 
base station controller 30A for performing the channel control. The inter-office interface 
section 1 7 forwards the signal via the links secured by the inter-office link securing section 
31A. 

25 With this configuration, signals having been delivered from the network 21 in the 
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physical layer of the network 21 are delivered to other radio base stations via the links 
secured by the inter-office link securing section 31 A. 

This allows the radio base station apparatus to be adaptable to an increase or a 
decrease in the number of wireless zones used for a diversity handover for the terminal 23, 
5 which changes due to movement of the terminal 23, as well as to reduce the number of links 
used for delivering the signals. 

In an eighth radio base station apparatus according to the invention, the inter-office 
link securing section 31 A secures links to be used for transfer of the signals between the local 
station and the radio base stations 26-1 to 26-N according to a procedure of a channel 
10 control for assigning the radio channel to the terminal 23 or through cooperation with the 
base station controller 30A performing the channel control. The inter-office interface 
section 27A captures signals that are forwarded via the links secured by the inter-office link 
securing section 31 A. 

With this configuration, the transmitting section 25A transmits signals delivered 
15 from other radio base stations to the terminal 23 via the links secured by the inter-office link 
securing section 3 1 A. 

This allows the radio base station apparatus to be adaptable to an increase or a 
decrease in the number of wireless zones used for a diversity handover for the terminal 23, 
which changes due to movement of the terminal 23, as well as to reduce the number of links 
20 used for delivering the signals. 

Fig. 3 is a principle block diagram of base station controllers according to the 
invention. 

Each of the base station controllers of Fig. 3 is provided with a channel controlling 
section 43 and a network interface section 45. 
25 In a first base station controller according to the invention, the channel controlling 



section 43 performs a channel control over a terminal 40 by cooperating with radio base 
stations 42-1 to 42-P that form wireless zones 41-1 to 41 -P where the terminal 40 can visit. 
The network interface section 45 interfaces with a network 44, under the channel control, 
where a communication channel is to be formed between the base station controller and the 
5 terminal 40 via all or part of the radio base stations 42-1 to 42-P. The channel controlling 
section 43 determines a particular radio base station, which is to maintain a radio channel 
assigned to the terminal 40 during a process of a diversity handover for the terminal 40, 
according to the channel control and all or part of configurations of the wireless zones 41-1 
to 41-P, channel allocation, and frequency allocation. 

10 With this configuration, a particular ratio base station is determined as appropriate 

according to all or part of the configurations of the wireless zones 41-1 to 41-P, the channel 
allocation, and the frequency allocation, and it is not limited to a radio base station that forms 
a wireless zone where the terminal 40 for which a diversity handover is performed locates 
when a complete call has occurred at the terminal 40 or when the diversity handover is 

15 started. 

This allows the base radio controller to be adaptable to various configurations of 
mobile communication systems, and can optimize the form of a diversity handover. 

In a second base station controller according to the invention, the channel 
controlling section 43 performs the channel control such that a radio base station is to be the 
20 particular radio base station, the radio base station is the one to form a wireless zone where 
the diversity handover is done in a suitable manner for all or part of configuration of a 
wireless zone, channel allocation, and frequency allocation. 

Therefore, It is not always the case that the same radio base station continues to be a 
particular radio base station until a complete call occurring at the terminal 40 for which a 
25 diversity handover is performed disappears. It is possible to change the particular radio 
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base station as appropriate to a radio base station that forms a wireless zone where the 
diversity handover is performed in a suitable form for all or part of the configuration of a 
wireless zone, the channel allocation, and the frequency allocation. 

This allows the base radio controller to be adaptable to various configurations of 
mobile communication systems, and can optimize the form of a diversity handover. 

Embodiments of the present invention will be hereinafter described in detail with 
reference to the drawings. 

Fig. 4 shows first and second embodiments of the invention. 

In the first and second embodiments, radio base stations 50-1 and 50-2 are 
provided in place of the radio base stations 70-1 and 70-2 of the conventional example and a 
bypass link 51 is provided between the radio base stations 50-1 and 50-2. 

The radio base station 50-1 is different from the radio base station 70-1 shown in 
Fig. 6 in the following points: 

(1) A receiving part 52-1, a transmitting part 53-1, and a controlling part 54-1 are 
provided in place of the receiving part 73-1, the transmitting part 75-1, and the controlling 
part 76-1, respectively. 

(2) A link interface section 55-1 is provided which is connected to one end of the 
bypass link 51 and has the following terminals: 

- Control terminal that is connected to a corresponding input/output port of the 
controlling part 54-1. 

- Reception output that is connected to baseband inputs of the receiving part 52-1 
and the transmitting part 53-1 . 

- Transmission input that is connected to a baseband output of the receiving part 

52-1. 

Fig. 5 illustrates the operations of the first and second embodiments of the invention. 
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The operation of the first embodiment according to the invention will be described below with 
reference to Figs. 4 and 5. 

As in the case of the conventional example, the base station controlling station 84 
plays a leading role in performing a channel control relating to the wireless zones 81-1 and 
5 81 -2 by cooperating with the radio base stations 50-1 and 50-2 via the communication links 
83-1 and 83-2. 

In addition to the above channel control, the base station controlling station 84 
manages, as resources, in a unified manner, a plurality of channels (hereinafter referred to as 
"bypass channels") that are formed in the bypass link 51 according to a prescribed multiple 
1 0 access scheme. 

In the following description, an item common to the radio base stations 50-1 and 
50-2 may be described by using a reference symbol having a suffix "C" which corresponds to 
either of suffixes "1" and "2." 

In the radio base station 50-C, the controlling part 54-C performs the following 
1 5 processing for a radio channel for which the radio base station 50-C does not relate to a 
diversity handover at all: 

- Instructs the receiving part 52-C and the transmitting part 53-C that they should 
perform the same processing as in the conventional example. 

- Instructs the link interface part 55-C that it need not perform any special 
20 processing. 

The radio base stations 50-1 and 50-2 form the wireless zones 81-1 and 81-2 that 
comply with a prescribed multiple access scheme and channel allocation by cooperating with, 
via the respective communication links 83-1 and 83-2, the base station controlling station 84 
that performs a channel control and also performs call setting by cooperating with the 
25 above-mentioned exchange. 



When recognizing that a call that occurred at the terminal 82 has become a complete 
call during the course of such a channel control, the radio base station 50-1 assigns the 
terminal 82 a unique first IP address that is not assigned to any other terminals or calls. 

In the following description, the wireless zone 81-1 where the terminal 82 exists at 
5 an instant when the complete call has occurred will be referred to as a particular wireless zone. 
A radio channel that is assigned to the complete call (i.e., terminal 82) at this time will be 
referred to as a particular radio channel. 

When the terminal 82 has moved to the overlap region of the wireless zones 81-1 
and 81-2 before the complete call disappears, the terminal 82 sends a handover request to 
1 0 that effect to the radio base station 50-1 according to a prescribed channel control procedure 
(indicated by symbol (a) in Fig. 5). 

In the radio base station 50-1 the controlling part 54-c forwards, to the base station 
controlling station 84, via the communication link 83-1, the handover request that has been 
received at the antenna 71-1, the antenna duplexer 72-1, and the receiving part 52-1 
1 5 (indicated by symbol (b) in Fig. 5). 

The base station controlling station 84 performs the following processing in 
response to the handover request: 

- Determines a wireless zone (hereinafter referred to as "joint wireless zone"; for the 
sake of simplicity, it is assumed to be the wireless zone 8 1 -2) that the terminal 82 should use 

20 jointly for the diversity handover. 

- Determines a radio channel (hereinafter referred to as "joint radio channel") that 
can be assigned by the radio base station 50-2 forming the wireless zone 81-2 and that is 
not assigned to any terminal or call. 

- Sends, to the radio base station 50-2, via the communication link 83-2, a 
25 transmission start request that a transmission on the joint radio channel should be started 



(indicated by symbol (c) in Fig. 5). 

- Sends, to the radio base station 50-1 , via the communication link 83-1 , a handover 
request confirmation that the terminal 82 can access the downstream link of the joint radio 
channel (indicated by symbol (d) in Fig. 5). 
5 During the above processing, the base station controlling station 84 may cooperate 

with the radio base station 50-2 in any form. 

In the radio base station 50-1 , when recognizing the handover request confirmation, 
the controlling part 54-1 sends the handover request confirmation to the terminal 82 via the 
transmitting part 53-1, the antenna duplexer 72-1, and the antenna 71-1 (indicated by 
10 symbol (e) in Fig. 5). 

Further, at the time of the sending, the controlling part 54-1 recognizes thatfor the 
diversity handover for the terminal 82, the terminal 82 itself is a particular radio base station 
that should play a leading role in forming and maintaining a radio transmission channel 
involving the terminal 82. 
15 On the other hand, in the radio base station 50-2, the controlling part 54-2 

recognizes that the radio base station 50-2 is not the above-mentioned particular radio base 
station, in response to the transmission start request. 

When recognizing the handover request confirmation, the terminal 82 performs a 
series of operations (hereinafter referred to simply as "radio channel establishment") 
20 including synchronization establishment in the joint radio channel and a continuity check by 
cooperating, when necessary, with the radio base station 50-2 that forms the joint wireless 
zone (indicated by symbol (f) in Fig. 5). 

When the joint radio channel to be used for the diversity handover for the terminal 82 
has been secured in this manner, the base station controlling station 84 assigns a free, 
25 unique bypass channel (hereinafter referred to simply as "bypass channel") among the 
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above-mentioned plurality of bypass channels for each of pairs of each joint radio channel 
and the particular radio channel by cooperating with the radio base stations 50-1 and 50-2 
(controlling parts 54-1 and 54-2) that form the particular wireless zone and all the joint 
wireless zones, respectively (for the sake of simplicity, it is assumed that only the wireless 
5 zone 81-2 exists). 

In the radio base station 50-2, the controlling part 54-2 gives the receiving part 
52-2, the transmitting part 53-2, and the link interface part 55-2 binary information 
indicating that the radio base station 50-2 is not the above-mentioned particular radio base 
station. 

1 0 The receiving part 52-2, the transmitting part 53-2, and the link interface part 55-2 

perform the following processing in accordance with the logical value of the binary 
information: 

- The receiving part 52-2 generates a baseband signal by despreading a reception 
wave that has arrived from the terminal 82 (indicated by symbol (1) in Fig. 5) and has been 

15 supplied via the antenna 71-2 and the antenna duplexer 72-2 and passes the generated 
baseband signal (hereinafter referred to as "upstream transfer subject signal") to the link 
interface part 55-2 without performing decision decoding or transmission channel decoding 
on it. 

- The link interface part 5 5-2 forwards the upstream transfer subject signal to the 
20 radio base station 50-1 via the bypass channel (indicated by symbol (2) in Fig. 5). 

On the other hand, in the radio base station 50-1 , the controlling part 54-1 gives the 
receiving part 52-1, the transmitting part 53-1, and the link interface part 55-1 binary 
information indicating that the radio base station 50-1 is the above-mentioned particular 
radio base station. 

25 The receiving part 52-1, the transmitting part 53-1, and the link interface part 55-1 



perform the following processing in accordance with the logical value of the binary 
information: 

- The link interface part 55-1 passes the above-mentioned upstream transfer 
subject signal to the receiving part 52-1 (indicated by symbol (3) in Fig. 5). 

5 - The receiving part 52-1 generates a baseband signal by despreading a reception 

wave that has arrived from the terminal 82 in parallel with the above-mentioned reception 
wave and has been supplied via the antenna 71-1 and the antenna duplexer 72-1 (indicated 
by symbol (4) in Fig. 5) and generates a replacement baseband signal to replace the generated 
baseband signal by combining the baseband signal and the upstream transfer subject signal 
1 0 (indicated by symbol (5) in Fig. 5). 

- Further, the receiving part 52-1 restores packets indicated by the replacement 
baseband signal by performing decision decoding and transmission channel decoding on the 
replacement baseband signal and gives the (sequence of) packets to the router 74-1 
(indicated by symbol (6) in Fig. 5). 

15 - The transmitting part 53-1 generates a transmission wave signal indicating the 

packets that have been given by the router 74-1 and are to be transmitted to the terminal 82 
(indicated by symbol (7) in Fig. 5), and sends the generated transmission wave signal to the 
terminal 82 via the antenna duplexer 72-1, the antenna 71-1, and the downstream link of the 
above-mentioned particular radio channel (indicated by symbol (8) in Fig. 5). 

20 - In generating the transmission wave, the transmitting part 53-1 passes, to the link 

interface part 55-1, a baseband signal (hereinafter referred to as "downstream transfer 
subject signal") that is modulated by the above-mentioned packets and is a subject of 
spreading that is performed in generating the transmission wave. 

- The link interface part 55-1 forwards the downstream transfer subject signal to the 
25 radio base station 50-2 via the bypass channel (indicated by symbol (9) in Fig. 5). 
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In the radio base station 50-2, the link interface part 55-2 and the transmitting part 
53-2 performs the following processing in accordance with the logical value of the 
above-mentioned binary information: 

- The link interface part 55-2 receives the downstream transfer subject signal via the 
5 bypass signal and passes it to the transmitting part 53-2 (indicated by symbol (10) in Fig. 5). 

- The transmitting part 53-2 sends a transmission wave signal generated on the 
basis of the downstream transfer subject signal according to a direct sequence scheme to the 
terminal 82 via the antenna duplexer 72-2, the antenna 71 -2, and the downstream link of the 
above-mentioned joint radio channel (indicated by symbol (1 1) in Fig. 5). 

10 That is, a reception wave sent from the terminal 82 to the radio base station 50-2 

being not the particular radio base station is forwarded to the particular radio base station 
50-1 as an upstream transfer subject signal. The upstream transfer subject signal thus 
forwarded is combined with a baseband signal that has been generated by despreading a 
reception wave that has arrived at the radio base station 50-1 in parallel with the above 

1 5 transmission wave, and a combined signal is subjected to demodulation, decision decoding, 
etc. Resulting (sequence of) packets are given to the router 74-1 as a subject of routing. 

The (sequence of) packets that have been given by the router 74-1 and are to be 
transmitted to the terminal 82 are directly radio-transmitted from the particular radio base 
station 50-1 to the terminal 82 and are also forwarded to the radio base station 50-2 being 

20 not the particular radio base station as a downstream transfer subject signal. The radio base 
station 50-2 radio-transmits the downstream transfer subject signal to the terminal 82 in 
parallel with the above (sequence of) packets. 

Therefore, according to this embodiment, a diversity handover can be attained in a 
stable manner though the IP is applied to the radio transmission sections, because an 

25 upstream transfer subject signal and a downstream transfer subject signal are forwarded in 
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the baseband via the bypass link 51, and the radio base stations 50-1 and 50-2 cooperate 
with each other in the above-described manner. 

The operation of the second embodiment of the invention will be described below 
with reference to Fig. 4. 

5 This embodiment is characterized in the following processing procedure that is 

followed by the base station controlling station 84. 

Cooperating with the subordinate radio base stations (including the radio base 
stations 50-1 and 50-2), the base station controlling station 84 recognizes the particular 
radio base station for each terminal that performs a diversity handover and judges whether 
10 the particular radio base station is suitable for continuation of the diversity handover on the 
basis of zone configurations of wireless zones formed by those radio base stations, channel 
allocation, frequency allocation, a modulation scheme, and a multiple access scheme. 

Further, when the judgment result is false, the base station controlling station 84 
performs the following processing in cooperation with the particular radio base station and 
15 other radio base stations among the radio base stations that should be involved in the 
diversity handover concerned: 

- Determines a new particular radio base station. 

- Regards the new particular radio base station as a transition destination (e.g., 
corresponds to the radio base station 70-2 in the conventional example) of a hard handover 

20 rather than a diversity handover. 

- After completion of radio channel establishment for the transition destination, 
instructs the new particular radio base station to perform binding update by cooperating with 
the terminal 82 in the same manner as in the conventional example (indicated by symbols 
(g)-(m) in Fig. 7). 

25 Therefore, this embodiment can prevent a state that continuance of a same radio 



base station being the particular radio base station from occurrence of a complete call at the 
terminal 82 to disappearance of the call causes the diversity handover not to properly comply 
with the above-mentioned zone configurations, channel allocation, frequency allocation, 
modulation scheme, and multiple access scheme, which lowers the transmission quality and 
5 service quality, complicates the processings related to the channel control, and increases the 
load. 

This embodiment has not described specific criteria for the selection of a new 
particular radio base station. However, a new particular radio base station may be selected 
on any criteria in any of the following manners as long as desired service quality and 
10 transmission quality are secured under the configuration of a mobile communication system 
to which the invention is applied without undue cost increase: 

- Optimize the combination of wireless zones that should be used jointly during a 
diversity handover and reduce the number of joint wireless zones by preferentially selecting, 
according to the zone sizes and allocation and past results, a radio base station that forms a 
1 5 wireless zone the terminal 82 is likely to continue to visit. 

Deterioration in transmission quality or service quality can be avoided by 
preferentially selecting a radio base station that forms a wireless zone other than wireless 
zones that are small in traffic and hence are not prone to interference. 

In each of the above embodiments, an upstream transfer subject signal and a 
20 downstream transfer subject signal are passed as signals in the baseband between the radio 
base stations 50-1 and 50-2 via a bypass channel (i.e., the bypass link 51). However, an 
upstream transfer subject signal and a downstream transfer subject signal may be signals in a 
desired intermediate frequency band or radio frequency band as long as they are generated in 
the physical layer and modulated by packets to be passed between the terminal 82 and the 
25 router of a particular radio base station. 



Each of the above embodiments has not described the number of bypass channels 
that can be formed in parallel in the bypass link 51 specifically. However, the number of 
bypass channels may be any number as long as bypass channels are assigned properly to 
calls and terminals as subjects of diversity handovers in such a manner as to conform to the 
5 topology and the transmission scheme of the bypass link 5 1 . 

In each of the above embodiments, a bypass channel is assigned as appropriate to a 
call and a terminal as a subject of a diversity handover under the control of the base station 
controlling station 84. However, for example, a bypass channel may be assigned under the 
control of a particular radio base station that is determined uniquely during the course of a 
10 channel control or under cooperation between radio base stations that can be involved in a 
diversity handover as long as the bypass channel assignment is performed properly so as to 
conform to the topology and the transmission scheme of the bypass link 5 1 . 

In each of the above embodiments, for example, the bypass link 5 1 may be formed in 
advance as a set of bypass channels that are uniquely correlated with radio channels that can 
1 5 be assigned to complete calls in parallel by each radio base stations and the assignment of 
the radio channels and the assignment of the bypass channels may be unified with each other 
as long as they conform to the topology and the transmission scheme of the bypass link 5 1 . 

In each of the above embodiments, in a joint wireless zone, the terminal 82 is 
assigned a full-duplex joint radio channel that consists of the same upstream link as the 
20 upstream link of a particular radio channel and a downstream link that is different from the 
downstream link of the particular radio channel. However, the joint radio channel may be 
any of the following radio channels: 

- Radio channel whose upstream and downstream links are different from the 
upstream and downstream links of a particular radio channel, respectively. 
25 - Radio channel whose upstream and downstream links are common to the 
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upstream and downstream links of a particular radio channel, respectively. 

Each of the above embodiments has not disclosed specifically about a multiple 

access scheme, a modulation scheme, channel allocation, zone configurations, and frequency 

allocation that closely relate to the formation and assignment of such a radio channel. 
5 However, such a radio channel may be formed by using a plurality of desired multiple access 

schemes as long as a radio channel is recognized reliably under a channel control and the 

above-described diversity handover is realized. 

In each of the above embodiments, the invention is applied to the diversity handover 

that is performed in a duplex-operation mobile communication system. However, the 
10 application of the invention is not limited to such mobile communication systems and the 

invention can also be applied to simplex-operation and semi-duplex-operation mobile 

communication systems. 

Each of the above embodiments has not disclosed specifically about a multiple 

access scheme that should be applied to the bypass link 51. However, any of CDMA (code 
1 5 division multiple access), TDMA (time division multiple access), FDMA (frequency division 

multiple access), and combinations of these multiple access schemes may be applied to the 

bypass link 51 as long as high transmission quality is attained without impairing combining 

processing for realizing a diversity handover, and a bypass channel can be assigned reliably 

to a call or a terminal as a subject of the diversity handover. 
20 In each of the above embodiments, the router 74-C is provided in the radio base 

station 50-C. However, the router 74-C may be provided as an apparatus that is separate 

from the radio base station 50-C or may be a router that is common to a plurality of radio 

base stations. 

In each of the above embodiments, the router 74-C may have function of routing in a 
25 private network between a base station controller and radio base stations formed and 
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operated by a communication company and /or a gateway interfacing with a public network. 

The invention is not limited to the above embodiments and various modifications 
may be made without departing from the spirit and scope of the invention. Any 
improvement may be made in part or all of the components. 
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